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ABSTRACT

Introduction: Atopic dermatitis (AD) is one of
the most common skin diseases, and it may be
associated with skin cancer risk. However, there
is a controversy pertaining to whether it implies
a greater or decreased risk of skin cancers. We
aimed to study the relationship between AD
and skin cancer risk.

Methods: PubMed and Embase databases from
their inception to 4 August 2021 were system-
atically searched.

Results: We evaluated 16 studies involving a
total of 9,638,093 participants examining the
contribution of AD to skin cancers. Random-
effects model was applied to estimate the over-
all effect sizes. The pooled analysis of 16 studies
indicated that AD was significantly associated
with an overall increased risk of skin cancer.
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Subgroup pooled analyses showed that AD was
statistically associated with an increased risk of
basal cell carcinoma (BCC) and squamous cell
carcinoma (SCC). With regard to cohort study,
AD was statistically associated with an increased
risk of nonmelanoma skin cancer (NMSC), BCC,
and SCC, but not melanoma risk. Sensitivity
analysis revealed that excluding each study in
turn did not alter the overall combined results.
No publication bias existed among the studies.
Conclusion: 1t can be concluded that AD is
associated with risk of skin cancers; however,
this association still needs to be verified in well-
designed, worldwide trials (especially prospec-
tive, non-Western studies). The mechanism of
AD leading to skin cancer is not clear, and fur-
ther research is needed to explore the possibility
of a potential pathogenesis.
Keywords: Atopic  dermatitis; Basal cell
carcinoma; Skin cancer
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Key Summary Points

Why carry out this study?

Atopic dermatitis is a common skin
disease. To detect and prevent skin cancer
earlier, we analyzed whether atopic
dermatitis is a risk factor for skin cancer.

What was the hypothesis of the study?

Atopic dermatitis is a risk factor for skin
cancer.

What was learned from the study?

Atopic dermatitis has the potential to
predict increased risk of basal cell
carcinoma (BCC), squamous cell
carcinoma (SCC), and nonmelanoma skin
cancer (NMSC).

How might this affect research and/or treatment
in the future?

Although the impact of atopic dermatitis
on skin cancer needs to be supported by
turther research, this study points to a
new possibility for clinical application
and future research.

INTRODUCTION

Skin cancer and atopic dermatitis (AD) are
among the major public health problems glob-
ally. Melanoma is an aggressive and deadly skin
cancer. Nonmelanoma skin cancer (NMSC),
such as squamous cell carcinoma (SCC) and
basal cell carcinoma (BCC), are also very com-
mon forms of skin cancer. AD or eczema is a
chronic recurrent inflammatory skin disease
associated with epithelial, immune, and envi-
ronmental factors [1, 2]. It is characterized by
intense itching, breakdown of the skin barrier,
and activation of the type-2-mediated immune
response in the skin [3, 4]. Population-based
studies showed that the prevalence rate of
eczema is approximately 10.7% among children

and 7.2% among adults [5]. AD not only causes
serious financial burden but also seriously
affects the quality of patients’ lives. For exam-
ple, AD may be associated with skin cancer risk.
Jensen etal. found an inverse association
between AD and melanoma, and also found
that patients with AD are at increased risk of
BCC and SCC [6]. Hagstromer etal. found a
nonsignificant risk elevation for nonmelanoma
skin cancer [7].

Although many studies have focused on the
association of AD with skin cancers [8-18],
whether AD implies a greater or decreased risk
of skin cancers is still controversial. Therefore,
the aim of this study was to investigate the
relationship between AD and the risk of skin
cancers.

METHODS

The study was conducted following the Meta-
analysis of Observational Studies in Epidemiology
guidelines along with the Preferred Reporting
Items for Systematic Reviews and Meta-analyses
standards [19]. The research is registered with
INPLASY202090029. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

Search Strategy and Selection Criteria

We systematically searched PubMed and
Embase databases on 4 August 2021, for studies
performed on the relationship between AD and
skin cancers. Animal studies, case reports,
reviews, and meta-analyses were excluded. Our
core search keywords were “Atopic dermatitis,”
“Eczema,” “Cohort, and Case-Control Studies.”
The inclusion criteria were as follows: cohort
and case—control studies assessing the relation-
ship between AD and skin cancers that com-
prised two comparator groups, where one group
had AD and the other (control) did not. Two
authors (ZY and WHM) independently reviewed
the titles and abstracts of the retrieved studies
on the basis of the inclusion criteria. The refer-
ence lists of eligible studies or related meta-
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493 studies identified through PUBMED, EMBASE

442 studies after duplicates removed

51 studies excluded based on the
duplication

37 studies screened

[ Screening ] [Identification]

405 studies excluded based on the

Y

abstracts and titles

|

> Y
it :
[s) 10 studies assessed for eligibility | &/ BUCIES. EXElURE bESd BN NG
i full text
< 6 eligible studies were identified
- following the bibliographies
o)
ie) Y
>
2
- 16 studies with 9,638,093 participants included in quantitative synthesis

Fig. 1 Flow diagram summarizing the pooled analysis phases (ie., identification, screening, eligibility assessment, and

ultimate inclusion)

analyses were also screened to find additional
pertinent studies. The quality of the studies and
risk of bias were assessed according to the
Newcastle-Ottawa Scale (NOS) [20]. All dis-
agreements were resolved by discussion with
the corresponding authors.

Data Analysis

Two authors (ZY and WHM) extracted all data.
When one study included more than one
cohort, we pooled each cohort as an indepen-
dent study. For each independent study, we
recorded the following variables: first author’s
last name, publication year, region in which the
study was performed, type of study design, type
of cancer, participants’ sex and age, sample size,
and outcome measurements related to risk

estimates with 95% confidence intervals (Cls)
and adjustment factors.

A pooled analysis was conducted to explore
the association between eczema and different
cancers. The Cochrane Q and I? statistics were
used to evaluate heterogeneity [21]. When
either the P-value was < 0.1 or the I* value
was > 50%, the data were considered to be
heterogeneous, and a randome-effects model
[22] was applied to estimate the overall effect
sizes. Otherwise, a fixed-effects model was used
[23]. To further explore the origin of hetero-
geneity, we performed subgroup analyses by
region, type of study design, and type of cancer.
To assess the stability of our results, sensitivity
analyses were conducted by excluding each
study in turn to estimate the influence of each
individual study on the pooled results. Beggar’s
test [24] and Egger’s test [25] were used to assess
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NOS

score

Adjustments

Statistical

Cancer

Participants

Sex

Region Study design  Age (years)

OR  Study

Table 1 continued

Studies

analysis

period

Cox proportional  Sex, date, and age

Melanoma

490,618

Female

13.7 [1.7-21.1]

Cohort study

1982-2016 Denmark

0.64

hazards

versus 13.5

regression

[1.7-20.8]#

model

Sex, date, and age

Cox proportional

NMSC

NA

Female

137 [1.7-21.1]
versus 13.5

Cohort study

1982-2016 Denmark

1.17

hazards

regression

[1.7-20.8]#

model

‘Mean (SD); “median [IQR]

potential publication bias. STATA software
v12.0 (College Station, TX, USA) was used to
analyze the data.

RESULTS

Search Results and Study Characteristics

A total of 493 studies were retrieved from the
PubMed and the Embase databases, and after
removing 51 duplicates and further excluding
40S studies after title and abstract screening and
27 on the basis of the full article, 10 studies
remained. However, six additional eligible
studies were identified after screening the ref-
erences of relevant studies. As a result, 16
studies [6-18, 26-28], involving a total of
9,638,093 participants, that examined the con-
tribution of AD to skin cancers eventually ful-
filled the established criteria (Fig. 1). Details on
the characteristics of the studies are summa-
rized in Table 1, and assessments of the studies
are summarized in Table S1 in the Supplemen-
tary Material. Eight population-based cohort
studies [6, 7, 9, 13, 18, 26-28], and eight
case—control studies were included in this
analysis [8, 10-12, 14-17]. Of these, one is from
Finland [9], two from Sweden [7, 27], three from
Denmark [6, 18, 26], four from USA
[8, 10, 13, 15, 17], one from Belgium [16], one
from Canada [11], one from Montenegro [12],
one from Netherlands [14], and two from UK
[18, 28].

Qualitative Analysis

Firstly, the pooled analysis of 16 studies
[6-18, 26-28] indicated that AD was signifi-
cantly associated with an increased risk of
overall skin cancer (OR 1.18, 95% CI 1.06-1.32);
moreover, substantial heterogeneity was
observed  (Pheterogeneity = 0.000,  I? = 73.4%)
(Fig. 2a). Subgroup pooled analyses were per-
formed according to cancer type, study design,
and region, and we found that AD was signifi-
cantly associated with an increased risk of
overall skin cancer in the following subgroups:
NMSC subgroup: OR 1.39, 95% CI 1.20-1.61
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Fig. 2 Estimated effects of AD on skin cancer risk.
a Forest plot for effects of AD on skin cancer risk. b Forest

plot for subgroup analysis by cancer type. ¢ Forest plot for

(Fig. 2b), cohort study subgroup: OR 1.19, 95%
CI 1.04-1.37 (Fig. 2c¢), American subgroup: OR
1.32, 95% CI 1.02-1.71 (Fig. 2d), and Europe
subgroup: OR, 1.15; 95% CI, 1.01-1.32 (Fig. 2d),
but not melanoma subgroup: OR 0.89, 95% CI

0.73-1.09 (Fig. 2b).

subgroup analysis by study design. d Forest plot for
subgroup analysis by region

Secondly, according to Fig. 2b, the pooled
analysis indicated that AD was significantly
associated with an increased risk of NMSC (OR
1.39, 95% CI 1.20-1.61, Pheterogeneity = 0.000,
I? = 72.7%). Further subgroup analyses with
regard to specific NMSC type were performed to
further explore the origin of heterogeneity; we
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Fig. 3 Subgroup analysis of effect of AD on skin cancer
risk. a Forest plot for subgroup analysis by specific NMSC
type. b Forest plot for subgroup analysis by study design.

found that AD was significantly increased with
an increased risk of BCC (OR 1.51, 95% CI
1.24-1.84, Pheterogeneity = 0.426, I* = 0.0%) and
SCC (OR 1.90, 95% CI 1.33-2.72, Ppeterogene-
ity = 0.770, I = 0.0%) (Fig. 3a). With regard to
study design, AD was significantly increased
with an increased risk of NMSC in cohort study
subgroup (OR 1.39, 95% CI 1.19-1.63, Phetero-
geneity = 0.000, I* = 73.2%) (Fig. 3b).

Thirdly, according to Fig. 2c, AD was signif-
icantly associated with an increased risk of

T
.196 1 5.11

¢ Forest plot for subgroup analysis of cohort studies by
cancer type. d Forest plot for subgroup analysis of cohort
studies by region

overall skin cancer in cohort subgroups (OR
1.19, 95% CI 1.04-1.37). Further subgroup
analyses were performed by specific cancer type,
and the pooled analysis of cohort studies indi-
cated that AD was significantly associated with
an increased risk of BCC (OR 1.45, 95% CI
1.17-1.78) and SCC (OR 2.48, 95% CI
1.10-5.61), but not melanoma (Fig. 3c).
According to region, the pooled analysis of
cohort studies indicated that AD was statisti-
cally associated with an increased risk of skin
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Fig. 4 Sensitivity analysis regarding the association between AD and skin cancer

cancer in Europe (OR 1.17, 95% CI 1.02-1.35)
and America (OR 1.54, 95% CI 1.03-2.31)
(Fig. 3d).

Lastly, to assess the stability of our results,
sensitivity analysis was conducted, and revealed
that excluding each study in turn did not alter
the overall combined results (Fig. 4). Publica-
tion bias was evaluated following Beggar’s rank
correlation and Egger’s linear regression tests,
which indicated that no publication bias existed
among the studies (Beggar’'s: P >|z|= 0.981;
Egger’'s: P =0.746, 95% CI —0.564 to 1.408)
(Fig. 5).

DISCUSSION

We reviewed the epidemiological evidence on
the association between atopic dermatitis and
skin cancer risk, and pooled this analysis. The
study showed that AD was significantly

associated with an increased risk of overall skin
cancer. Moreover, sensitivity analysis by
excluding each study in turn demonstrated
stable consequence, and no publication bias
existed among the included studies. Therefore,
the outcome was robust and reliable, and regu-
lar skin cancer screenings are recommended for
patients with AD.

Furthermore, we performed subgroup analy-
ses to assess the association between AD and
skin cancer, and to explore the origin of
heterogeneity. According to cancer type, AD
was associated with a significantly elevated risk
of NMSC, but with a nonsignificant decreased
risk of melanoma. However, the review by
Karim etal. showed that allergic diseases
appeared to reduce the risk for developing
melanoma and NMSC [29]. Our outcomes were
more credible. Possible reasons may be that our
pooled analysis included some more eligible
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Fig. 5 Publication bias among the studies indicating the
association of AD with skin cancers. a Funnel plot
indicating the lack of publication bias among the studies.

studies on the association between skin cancers
and AD.

According to study design, only the pooled
analyses of cohort studies demonstrated AD
increasing skin cancer risk. This was more
credible, because the design of cohort studies is
from cause to effect, with strong ability to
demonstrate causality, high quality of evidence,
and better confirmation of the etiological
hypothesis. According to region, AD was sig-
nificantly associated with an increased risk of
skin cancer in both Europe and America. The
above results suggest that different study
designs and regions might affect the stability of
the association between AD and skin cancer
risk. Unfortunately, we did not discover the

Egger’s publication bias plot

104

standardized effect

precision

b-d Beggar’s and Egger’s tests indicating the lack of

publication bias among the studies

origin of heterogeneity. Therefore, the results
should be interpreted with caution.

Further analyses found that AD was statisti-
cally associated with an increased risk of basal
cell carcinoma and squamous cell carcinoma.
This conclusion was similar to that of Jensen
et al. [6]. However, this result was not consis-
tently supported by Cheng et al.’s study [15].

Unfortunately, it is unclear why skin cancer
risk would be increased in patients affected by
AD. One reason might be that patients with AD
often receive phototherapy, and phototherapy
has been linked with various skin cancers [30].
Additionally, patients with AD often require
more skin-related tests associated with an
increased risk of skin cancer [31]. Atopic der-
matitis and other inflammatory skin diseases
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were often accompanied by dysregulation of
human microflora involved in the regulation of
skin cancer progression [32].

This study has several limitations. First,
substantial heterogeneity was inevitable. Sec-
ond, adjustment factors varied among different
studies, and this may have contributed to some
uncertainty regarding the estimates. Third, all
included studies were from Europe and Amer-
ica, and non-Western studies are required to
provide more convincing evidence.

CONCLUSIONS

In conclusion, this study demonstrated that AD
was significantly associated with an increased
risk of skin cancer, basal cell carcinoma, and
squamous cell carcinoma. Further studies,
including well-designed, worldwide trials
(especially prospective, non-Western studies),
are required to provide more convincing evi-
dence. At the same time, the mechanism of AD
leading to skin cancer is not clear, and further
research is needed to explore the possibility of a
potential link or a common pathogenesis.
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